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[57] ABSTRACT 

A method and system in which the control channels of 
an associated base station directly correspond to certain 
time slots of a radio channel frame, which also includes 
time slots being utilized for traffic channels. The time 
slots being utilized as control channels are marked with 
uniquely defmed control channel indicators which in- 
clude unique Sync Words and unique control channel 
identification words. The mobile station recognizes the 
uniquely defined control channel indicators and identi- 
fies those particular time slots as control channels so as 
to distinguish from the time slots which are not being 
used as control channels. 
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nds in time division multiplex may increase the total 
METHOD AND SYSTEM FOR UNIQUELY number of channels. 

IDENTIFYING CONTROL CHANNEL TIME The intended result is to gradually introduce the 

SLOTS digital system and to increase the number of digital 

S traffic channels while decreasing the number of analog 
CROSS REFERENCE TO RELATED traffic channels in the coexisting cellular systems. Ana- 

APPLICATIONS log mobile stations already in use will then be able to 

. ^ . ^ . ^ /. V continue to use the remaining analog traffic channels. 

TTus apphcation w a continuaUon-m-part of an apph- Meanwhile, new digital mobUe stations will be able to 
caton aligned to the sam^^ 10 use the new digital traffic chamiek. Dual-modc mobile 

cation, fUed Aug. 31, 1990. Ser. No. 07/575.645, now ^^^^ ^ ^ ^ ^ ^o^j^ ^^e remaining analog 

and the new digital traffic channels. 
FIELD OF THE INVENTION With the addition of the new digital traffic channels, 

^ . . ^, • * corresponding need for new digital control channels 

The present mvention IS durcctcd to a mobile cellular 15 arises. The conventional dual-mode systems for the 
radio telephone system having digital voicc/UafTic ca- most part utilize existing analog channels, such as dedi- 
pacity wherein digital control channels may occupy the gated frequencies, as the control channel, 
same radio channel time slots as vgice/traffic channeK 

More specifically, the present invention relates to a SUMMARY OF THE INVENTION 

method and system in which radio channel time slots 20 The present invention has an objective to allow for a 
are identified as control chazmel time slots. more flexible use of the existing traffic channels and the 

n A rvrsB nr ttoti nc- xht: TOVcxmrnM introduction of new control channels for control signal- 

BACKGROUND OF THE INVENTION ^^^^ invention achieves this objective by 

The first cellular mobile radio systems in public use providing a method and system wherein the control 

were generally analog systems for the transmission of 25 channels of an associated base station directly corre* 

speech or other analog information. The systems com* spond to certain time slots of a message frame, which 

prised a plurality of radio channels for transmitting also comprises time slots being utilized for traffic chan- 

analog information between base and mobile stations by nets. The time slots being utilized as control channels 

transmitting analog modulated radio signals. In general, are readily detected because these time slots are marked 

the first cellular mobile radio systems had comparably ^ with uniquely defined control channel indicators. In 

large coverage cells. More recently, digital cellular one embodiment, the control channel indicators may be 

mobile radio systems for public use have been designed. uniquely defmed synchronization words. In another 

Digital cellular mobile radio systems comprise digital embodiment, they may be uniquely defined control 

channels for transmitting digital or digitized analog channel identification words. The mobile station recog- 

infonnation between base and mobUc stations, by trans- 35 nizes the uniquely defined control channel indicators 

mitting digitally modulated radio signals. Digital cellu. and idcntif^w those parttcnlar tm^ 

lar mobile radio systems offer substantial advantoges ^^^^ thus distmgmshmg those time s ots not being used 

over analog cellular mobile radio systems. as conml channels. This operation allowsfor the chan- 

One digital mobile radio system intended to be used ^ ncls which are not control channels to be skipped more 

as a common system for many European countries is the ^ "P'^^y* the process of gomg through a 

r^cxM 4 T c « • 1 J V • ranking hst of the strongest signals to be used as control 

GSM systen. In European countries already havmg an ^, ^ « ^ 

«,alog celldar mobde system^ the new digital GSM ^ i^sociated with a 

system is mtended to be n.tr«xluced as a new syston ^ distinguishable from corresponding 
whichK independent of any ejustwg analog ^5 ^ ^ conesponding fields associated with adjaceni 

OSM system base and mobile stations have not been ^^^^ i- o 
designed to be compatible with existing systems, how- 
ever, they are designed to give optimum performances BRIEF DESCRIPTION OF THE DRAWINGS 
in various aspects in and of the system itself. Accord- pjQ j illustrates a part of a cellular mobile radio 
ingly, there has been a comparatively great freedom of ^ ^ ^^y^^^ switching center, base sto- 
choice in tcchmcal matters when designmg the OSM ^^^^ ^^^^ stations; 

system. PIq 2 illustrates a block diagram of a mobile station 

Rather than mtroducc a new mdependcnt digital utilized in accordance with the present invention; 

cellular mobile radio system, like the GSM system, in an piQ 3 illustrates a block diagram of a base station 
area with an existing analog cellular system, it has been 53 utilized in accordance with the present invention; 

proposed to introduce a digital cellular mobDc radio piQ. 4A illustrates the frame structure of a radio 

system which is designed for cooperation with the exist- channel as utilized in accordance with the present in- 

ing analog cellular mobile radio system. In order to yention; 

obtain digital channels within the frequency band allot- piQ. 43 illustrates a digital control channel time slot 
ted to cellular mobile radio systems, there have been format for transmissions from a mobile station to a base 
proposals to withdraw a number of radio channels allot- or land sUtion in one embodiment of the present inven- 
ted to the present analog mobile radio systems and use tion; 

them in the digital cellular mobile radio system. Due to HG. 4C illustrates a digital control channel time slot 

the proposed design of the digital mobile radio system, format for transmissions from a base or land station to a 
three or possibly six digital channels may occupy the 65 mobile station in one embodiment of the present inven- 

same frequency band of one previous analog radio tion; 

channel by using time division multiplexing; Accord- FIG. 4D illustrates a digital control channel time slot 

inglyi replacing some analog channels by digital chan- format for transmissions from a mobile station to a base 
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or land station in another embodiment of the present another mobile station in the same system or another 
invention; system, or a faed telephone or terminal in a faed net- 

FIG. 4E illustrates a digital control channel time slot work connected to the cellular mobile radio system, 
format for transmissions from a base or land station to a Thus, a connection may be defined as a call where two 
mobile station according to another embodiment of the 5 persons arc able to talk to each other, but also may refer 
present invention; to a data communication channel where computers are 

FIG. 5 illustrates an example of a radio channel frame exchanging data, 
having six time slots in which control channels and Referring now to FIG. 2, an embodiment of a mobile 
UafTic channels are mixed; station that can be utilized in a cellular telephone system 

FIGS. 6A and «B illustrate examples of a message 10 that operates in accordance with the present invention 
frame which comprises control channels and traffic is illustrated. A speech coder 101 converts the analog 
channds utiliring the unique Sync Words in accordance signal generated by a microphone into a bit data stream, 
with one embodiment of the present invention; and The bit data stream is then divided into data packages, 

FIGS. 6C and 6D iUusUate examples of a message according to the TDMA principle. A fast associated 
frame which comprises control channels and uaffic- 13 control channel (JPACCH) generator 102 generates 
channels utiliring unique control channel identification control and supervision sigMlling messages between 
words in conjunction with the time slot sync words to the system and the mobile station and messages between 
form unique extended Sync Wordsnn accordance with the mobile station and the system. The FACCH mes- 
another embodiment of the present invention. sage replaces a user frame (speech/data) whenever it is 

20 to be transmitted. A slow associated control channel 

DETAILED DESCRIFnON OF THE (SACCH) generator 103 provides a continuous channel 

ILLUSTRATED EMBODIMENTS exchange of signaOling messages between the 

FIG. 1 Ulustrates ten cells CI lo CIO in a cellular base station and the mobile station and vice-versa. A 
mobile radio system. In actual practice, the method and fixed number of bits, e.g., twelve, is allocated to the 
means according to the present invention are imple- 25 SACCH for each time slot of the message train. Chan- 
mented in a ccUular mobUc radio system comprising nel coders 10* are respectively connected to the speech 
many more ceUs than ten. However, for the purpose of coder 101, FACCH generator 102. and SACCH gcner- 
explaining the present invention, ten ccUs is deemed to ator 103 for manipulating the incoming data in order to 
be sufficient. carry error detection and correction. The tech- 

For each of the cells CI through CIO there is a base 30 niques used by the channel coders 104 are convolutional 
station Bl through BIO, respectively, with the same encoding, which protects important data bits in the 
number as the cell. FIG. 1 illustrates base stations situ- speech code, and cyclic redundancy check (CRC), 
ated in the vicinity of the center of the cell and having wherein tiie perceptually significant bits in the speech 
omni-directional antennas. The base stations of adjacent coder frame, e.g., twelve bits, are used for computing a 
cells may, however, be allocated in the vicinity of cell 35 seven bit check. 

borders and have directional antennas as is well known A selector 105 is connected to the channel coders 104 
to Uiose of ordinary skill in the art. associated with the speech coder 101 and the FACCH 

FIG. 1 also illustrates ten mobile stations Ml through generator 102, respectively. The selector 105 is con- 
MIO which arc movable witiiin a cell and from one cell trolled by tiie microprocessor controller 130 so that at 
to anotijcr cell. In actual practice, the method and 40 appropriate times user information over a particular 
means according to the present invention are imple- speech channel is replaced with system supervision 
mented in a cellular mobile radio system comprising messages over FACCH. A two-burst interlcaver 106 is 
many more mobile stations than ten. In particular, there coupled to the output of the selector 105. Data to be 
are usually many more mobile stations than there are transmitted by the mobile station is interleaved over 
base stations. However, for the purpose of explaining 45 two distinct time slots. The 260 data bits, which consti- 
the present invention, the use of ten mobile stations is tute one transmitting word, are divided into two equal 
deemed to be sufficient. The system of FIG. 1 also parts and arc allotted two consecutive time slots. The 
includes a mobile switching center MSC. The mobUe effects of RAYLEIGH fading will be reduced in this 
switching center is connected to all ten illustrated base manner. The output of the two-burst interlcaver 106 is 
stations by cables. The mobile switching center is also 50 provided to the input of a modulo-two-adder 107 so that 
connected, by cables, to a fixed public switching tele- the transmitted data is ciphered bit by bit by logical 
phone network or similar fixed network with ISDN modulo-two-addition of a pseudo-random bit stream, 
facilities. All cables from the mobile switching center to The output of the channel coder 104 associated with 
the base stations and cables to the fixed network are not the SACCH generator 103 is connected to a 22.burst 
illustrated. 55 interleaver 108. The 22-burst interlcaver 108 interleaves 

In addition to the mobile switching center illustrated. data transmitted over SACCH over 22 time slota each 
there may also be another mobile switching center con- consisting of 12 bits of information. The 22-burst intcr- 
nected by cables to other base stations than those iDus- leaver 108 utilizes the diagonal principle so that as two 
trated in FIG. 1. Instead of cables, other means may be SACCH messages arc transmitted in parallel, the sec- 
utilized for base to mobile station switching center com- 60 ond message b displaced eleven bursts from the other 
munication, e.g., fixed radio links. message. 

The cellular mobile radio system illustrated in FIG. 1 The mobile station further includes a Sync Word - 
comprisesaplurality of radio channels for communica- DVCC generator 109 for providing tiie appropriate 
tion. The system is designed both for analog informa- synchronization word (Sync Word) and DVCC which 
tion. e.g.. speech, digitized analog information, digitized 65 are to be associated with a particular connection. The 
speech, and pure digital information. According to the Sync Word is a 28 bit word used for time slot synchro- 
system, the term connection is used for a communica- nization and identification. The DVCC (digital verifica- 
tion channel established between a mobile station and tion color code) is an 8-bit code which is sent by the 
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base station to the mobile station and vice-versa, for 
assuring that the proper channel is being decoded. 

A burst generator 110 generates message bunts for 
transmission by the mobile station. The burst generator 
110 is connected to the outputs of the modulo-two- 5 
adder 107, the 22-burst interleaver 108, the Sync 
Word/DVCC generator i09» an equalizer 114, and a 
control channel message generator 132 generating 
channel coded control messages. A message burst com- 
prising data (260 bits)t SACCH (12 bits), Sync Word (28 10 
bits), coded DVCC (12 bite), and 12 delimiter bits, com- 
bined for a total of 324 bits are integrated according to 
the time slot format specified by the standard EIA/TIA 
IS-54. Under the control of Uie microprocessor 130» 
two different types of message burste are generated by IS 
the burst generator 110: control channel message bursts 
from the control channel message generator 132 and 
voice/traffic message bursts. The control channel mcs- 



selected on command by a microprocessor controller 
130. The amplified signal is passed through a time 
switch 134 before it reaiches the antenna. The time 
switch 134 is synchronized to the transmitting sequence 
by the microprocessor controller 130. 

A receiver carrier frequency is generated in accor- 
dance with the selected receiving channel by receiving 
frequency synthesizer 125. Incoming radio frequency 
signals are received by receiver 126, the strength of 
which axe measured by signal level meter 129. The 
received signal strength value is then sent to the micro- 
processor controller 130. An RF demodulator 127 
which receives the receiver carrier frequency from the 
receiving frequency synthesizer 125 and the radio fre- 
quency signal from receiver 126, demodulates the radio 
frequency carrier signal, thus generating an intermedi- 
ate frequency. The intermediate frequency signal is then 
demodulated by an IF demodulator 128, which restores 
the original 9r/4-DQPSK - modulated digital informa- 



sage is generated in accordance with commands from 
the microprocessor 130 and is sent on a digital control 20 tion. 
channel haying the same burst formats as trafBc chan- The restored information provided by IF demodula- 
nels but where the SACCH as well as the speech daU tor 128 is supplied to the equalizer 114. A symbol detec- 
normally generated in a voice/trafiic burst are replaced tor 115 converts the received two bit symbol format of 
by control information. the digital data from the equalizer 114 to a single bit 

The transmiuing of a burst, which is equivalent to 25 data stream. The symbol detector 115 in turn produces 



one time slot, is synchronized with the transmitting of 
the other two' time slote, and is adjusted according to 
the timing provided by the equalizer 114. Due to time 
dispersion, an adaptive equalization method is provided 
in order to improve signal quality. For further informa- 
tion regarding adaptive equalization techniques, refer- 
ence should be made to U.S. patent Application Ser. 
No. 315,561, filed Feb. 27, 1989. and assigned to the 
same assignee. A correlator adjusts to the timing of the 



three distinct outputs. Control channel messages are 
sent to a control message detector 133 which supplies 
channel decoded and detected control channel informa- 
tion to the microprocessor controller 130. Any speech 
30 data/FACCH data is supplied to a modulo-two-adder 
107 and a two-burst deinterleaver 116. The speech 
data/FACCH data is reconstructed by these compo- 
nents by assembling and rearranging information from 



two consecutive frames of the received data. The sym- 
received bit stream. The base station is the master and 35 bol detector 115 supplies SACCH data to a 22-burst 
the mobile station is the slave with respect to frame deinterleaver 117. The 22-burst deinterleaver 117 reas- 
timing. The equalizer 114 detects the incoming timing sembles and rearranges the SACCH data, which is 
and synchronizes the burst generator 110. The equalizer spread over 22 consecutive frames. 
114 also checks either the Sync Word and DVCC or a The two-burst deinterleaver 116 provides the speech 
control channel identification word for identification 40 data/FACCH data to two channel decoders 118. The 



purposes as will be explained in greater detail below. 

A 20ms frame counter 111 is coupled to the burst 
generator 110 and so is the equalizer 114. The frame 
counter 111 updates a ciphering code utilized by the 
mobile station every 20ms, once for every transmitted 43 
full rate frame. It will be appreciated that according to 
this particular example, tl^ree time slots make up one 
frame. A ciphering unit 112 is provided for generating 
the ciphering code utilized by the mobile station. A 



convolutionally encoded data is decoded using the re- 
verse of the above-mentioned coding principle. The 
received cyclic redundancy check (CRC) bits are 
checked to determine if any error has occurred. The 
FACCH channel decoder furthermore detects the dis- 
tinction between the speech channel and any FACCH 
information, and directs the decoders accordingly. A 
speech decoder 119 processes the received speech data 
from the channel decoder 118 in accordance with a 



pseudo random algorithm is preferably utilized. The SO speech decoder algorithm (VSELP), and generates the 



ciphering unit 112 is controlled by a key 113 which is 
unique for each subscriber. The ciphering unit 112 con- 
sists of a sequencer which updates the ciphering code. 

The burst produced by burst generator 110, which is 
to be transmitted, is forwarded to an RF modulator 122. 55 
The RF modulator 122 is operable for modulating a 
carrier frequency according to the 7r/4-DQPSK 
method (9r/4 shifted. Differentially encoded Quadra- 
ture Phase Shift Keying). The use of this technique 
implies that the information is differentially encoded, 60 
i.e., 2 bit symbols are transmitted as four possible 
changes in phase; ± ir/4 and ±: 37r/4. The transmitter 
carrier frequency supplied to the RF modulator 122 is 
generated by a transmitting frequency synthesizer 124 
in accordance with the selected transmitting channel. 65 
Before the modulated carrier is transmitted by an an- 
tenna, the carrier is amplified by a power amplifier 123. 
The RF power emission level of the carrier frequency is 



received speech signal. The analog signal is finally en- 
hanced by a filtering technique. Messages on the fast 
associated control channel are detected by FACCH 
detector 120, and the information is Uansferred to the 
microprocessor controller 130. 

The output of the 22-burst deinterleaver 117 is pro- 
vided to a separate channel decoder 118. Messages on 
the slow associated control channel are detected by 
SACCH detector 121, and that information is trans- 
ferred to the microprocessor controller 130. 

The microprocessor controller 130 controls the mo- 
bile station activity and the base station communication, 
and also handles the terminal keyboard input and dis- 
play output 131. Decisions by the microprocessor con- 
troller 130 are made in accordance with received mes- 
sages and measurements made. The keyboard and dis- 
play unit 131 enable an information exchange between 
the user and the base station. 
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FIG. 3 illustrates an embodiment of a base station that 
can be utilized in a cellular telephone system that oper- 
ates in accordance with the present invention. The base 
station incorporates numerous component parts which 
are substantially identical in construction and function 
to component parts of the mobile station illustrated in 
FIG. 2 and described in conjunction therewith. Such 
identical component parts are designated in FIG. 3 with 
the same reference numerals utilized hereinabove in the 
description of the mobile station, but are differentiated 
therefrom by means of a prime (') designation. 

There are, however* minor distinctions between the 
mobile and base stations. For instance, the base station 
has two receiving antennas. Associated with each of 



10 



controller 130 orders a change of the preferred systems, 
eg., from A to B or vice versa. Thereafter, the scanning 
of the dedicated control channels of the new preferred 
system wil] begin. 

When the mobile station has received the system 
parameter overhead message, the paging channels are 
scanned in the same manner as the dedicated control 
channels, i.e., by measuring the signal strength and 
selecting the frequency with the strongest signal. Syn- 
chronization to the paging channels is then performed 
accordingly. 

Upon successful synchronization on a paging chan- 
nel, the mobile station will leave the initialization proce- 
dure and start an idle mode. The idle mode is character- 



these receiving antennas are a receiver U6', an RF 15 ized by four states, which are controlled by the micro- 
demodulator 127', and an IF demodulator 128'. Further- processor controller 130, and which are sequentially 
more, the base sution does not include a user keyboard looped through as long as no access to the system is 
and display unit 131 as utilized in the mobile station. initiated It should be noted that the scanning of the 
Another difference is that a base station handles the paging channels is performed whenever the bit error 
communication of many mobiles as is represented in 20 rate on the current paging channel increases above a 



FIG. 3 as three channel controllers 1, 2, and 3, each of 
which handles one of three time slots of one frequency. 

When power is applied to this mobile station, the 
microprocessor controller 130 executes an initialization 
procedure. Initially, the serving system parameters are 25 
retrieved, meaning that the preferred system, e.g., wire- 
line (B) or nonwire-line (A), is selected. Depending on 
the choice made, the scanning of the dedicated control 
channels belonging to the preferred system starts. 



certain level in order assure that the mobile station is 
listening to the paging channel with the strongest signal 
strength. 

The first state associated with the idle mode is a con- 
tinuous updating of the mobile station status, e.g., the 
number of and the location of existing access channels 
(AC). This information is carried to the motnle station 
in the system parameter overhead message on the pag- 
ing channel, often referred to as a digital forward coo- 



The receiving frequency synthesizer 125 is ordered 30 trol channel (DFOCC). This message is decoded in the 



by the by the microprocessor controller 130 to generate 
the frequency which corresponds to the first dedicated 
control channel. When the frequency is stable, the sig- 
nal level meter 129 measures the signal strength, and 
thereafter the microprocessor controller 130 stores the 35 
signal strength value. The same procedure is performed 
for the frequencies corresponding to the remaining 
dedicated control channels, and a ranking based on the 
signal strength of each is made by the microprocessor 



control channel message detector 133 and sent to the 
microprocessor controller 130. Certain messages trans- 
mitted from the base station in the system parameter 
overhead message demand responding actions from the 
mobile station, e.g., a rescan message will order the 
microprocessor controller 130 to restart the initializa- 
tion procedure. As another example, a registration iden- 
tity message from the base station will force the mobile 
station to make a system access in order to register in 



controller 130. The receiving frequency synthesizer 125 40 accordance with the system access mode described 



is then ordered to tune to the frequency with the highest 
signal strength level so that the mobile station will be 
able to make attempts to synchronize to that channel. 

The radio signal is captured by the receiver 126 and 
is demodulated according to the selected carrier fre- 45 
quency by RF modulator 127, and then demodulated by 
IF demodulator 128. Synchronization and primary anal- 
ysis of the digital information in the radio signal is made 
in the equalizer 114. If the equalizer 114 manages to 



hereinbelow. 

The second sUte associated with the idle mode re- 
lates to the situation where the mobile station attempts 
to match page messages transmitted by the base station. 
These mobile station control messages, which are sent 
over the DFOCC, are decoded in the control channel 
message detector 133 and analyzed by the microproces- 
sor controller 130. If the decoded number matches the 
identification number of the mobile station, a connec- 



detect a Sync Word or control channel identification SO tion to the base station will be prepared in the system 



word identical to the Sync Word or control channel 
identification word stored in Sync Word generator 109, 
respectively, the equalizer 114 will lock to the time slot 
associated with that Sync Word or control channel 
identification word. The mobile station waits for the 55 
system parameter overhead message decoded by the 
control channel message detector 133 and transferred to 
the microprocessor controller 130. This message con- 
tains information about the identification of the system. 



access mode. 

The third state of the idle mode involves listening to 
orders sent by the base station over the DFOCC. De- 
coded orders, such as an abbreviated alert, will be pro- 
cessed by the mobile station accordingly. 

The fourth state in the idle mode involves the micro- 
processor controller 130 supervising the input from 
keyboard 131 for user activity, e.g., call initiating. A call 
origination results in the mobile station leaving the idle 



the protocol capability, the number of available paging 60 mode and starting the system access mode. 



channels (PC), and their specific frequency allocation. 

In the situation where the equalizer 114 is not able to 
recognize the Sync Word or control channel identifica- 
tion word with a specified period of time, the receiving 
frequency synthesizer 125 is ordered by the micro- 
processor controller 130 to tune to the chatmel with the 
next strongest signal. If the mobile station is unable to 
synchronize at this second choice, the microprocessor 



One of the primary tasks in the system access mode of 
the mobile station is the mobile station generating an 
access messajge. The access channels (AC) available to 
the mobile, which were updated during the idle mode, 
65 are now examined in a manner similar to the measuring 
of the dedicated control channels as previously de- 
scribed. A ranking of the signal strength of each is 
made, and the channel associated with the strongest 
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signd b chosen. The transmitting frequency synthesizer . FIGS. 4A-4E illustrate the structure of the digital 
124 and the receiving frequency synthesizer 135 are channels according to the present invention and corn- 
tuned accordingly, and a service request message is sent patible with the digital traffic channels according to the 
over the selected channel in order to inform the base EIA/TIA standard IS-54. FIG. 4A depicts the frame 
station about the type of access wanted, e.g., call origi- 3 structure of a radio channel. According to this example, 
nation, page response, registration request or order one radio channel frame consists of typically six time 
confirmation. A^er completion of this message, the slots which include a total of 1,944 bits or 972 symbols, 
amplifier 123 of the mobile station is tuned off and the The frame is 40 ms in length with a data transmission 
mobile station waits for further control messages on the rate of 23 frames per second. Each of the time slots are 
DFOCC. Depending on the access type, the mobile 10 typically nimibered from 1^, each respectively includ- 
station will then receive an adequate message from the ing Sync Words of 28 bits as defined above, 
base station. FIGS. 4B and 4C illustrate a time slot format for 
If the access type is origination or paging, the mobile transmissions from the mobile station to the land station 
station is assigned a free traffic channel by the base and from the land station to the mobile station, lespec- 
station, and the mobile station leaves the system access IS tively, for one embodiment of the present invention, 
mode to occupy that traffic channel. The mobile station The time slot formats commonly include 260 bits re- 
will then tune the transmitting frequency synthesizer served for data transtnission, 12 bits for a digital verifi- 
124 and the receiving frequency synthesizer 125 to the cation color code (DVCC), 12 bits for a slow associated 
frequencies associated with the chosen traffic channel. control channel (SACCH), and 28 bits for synchroniza- 
Thereafter, the equalizer 114 starts synchronizing. A 20 tion and training data (SYNQ. The slot format from the 
time slot alignment procedure is controlled by the base mobile station to the land station includes two 6 bit 
station and is based on time delay measurements which blocks for guard time (G) and ramp time (R) informa- 
are performed at the base station o'h the received signal. tion. The slot format from the land station to the mobile 
From this moment on, control messages exchanged station includes a 12 bit block which is reserved for 
between the base station and the mobile station are 25 future uses. 

transferred over the fast associated control channel In a half rate alternative, each half rate voice/traffic 

(FACCH) and the slow associated control (SACCH). channel utilizes one time slot of each frame. This implies 

Messages from the microprocessor controller 130 are that one frame comprises six half rate traffic channels 

generated by the FACCH generator 102 or the SACCH with the slots being numbered sequentially 1, 2, 3, 4, 5, 

generator 103, and data is error protection coded in the 30 6. According to the full rate alternative, each full rate 

channel coder 104. The FACCH data is time multi- traffic channel utilizes two equally spaced time slots of 

plexed with speech data in the multiplexer 105, and the frame, e.g., 1 and 4, 2 and 5, or 3 and 6. In this 

interleaved over two bursts by the two burst interleaver alternative, the time slots are numbered 1, 2, 3, and the 

106. The data is then encrypted in the modulo-2 adder configuration of one frame will therefore be 1, 2, 3, 1, 2, 

107, which is controlled by the ciphering algorithm 33 3. It will be appreciated that for purposes of explanation 
generated by ciphering unit 112. The SACCH data is it will be assumed that the present invention utilizes the 
interleaved over 22 bursts by 22 burst interleaver 108, full rate alternative for the following examples. 

and is then supplied to the burst generator 110 where FIGS. 4D and 4E illustrate a time slot format struc- 

the SACCH data is mixed with speech data, FACCH ture of the digital control channels according to another 

data, the Sync Word, and the DVCC from DVCC 40 embodiment of the present invention. FIG. 4E depicts 

generator 109. The RF modulator 122 modulates the bit the frame structure of the Digital Forward Control 

pattern according to the 7/4-DQPSK principle. The Channel (DFOCC) downlink from base to mobile and 

power amplifier 123 is activated, and the power level is FIG. 4D depicts the structure of the Digital Reverse 

controlled by the microprocessor controller 130 during Control Channel (DRECC) uplink from mobile to base, 

the time of the transmitted time slot. 43 In comparing the uplink and downlink control channel 

Control messages from the base station to the micro- formats in FIGS. 4D and 4E with the corresponding 

processor controller 130 of the mobile station are also traffic channel formats in FIGS. 4B and AC, it can be 

transferred via the FACCH and SACCH. The symbol seen that the formats are the same except for the 

detector 115 converts the received four symbol pattern SACCH and CDVCC fields. 

to a bit data stream which is directed to the speech 50 The present invention addresses the problems which 

decoder 119, FACCH detector 120, or SACCH detec- occur when the control channels of ui associated base 

tor 121, depending on the type of data used. Speech data station are utilizing time slots in radio channel frames 

and FACCH data are decrypted by the moduio-2 adder which also comprise time slots being utilized for traffic 

107, and the two burst deinterleaver 116. The chaimel channels. According to the operation of the mobile 

decoders 118 detect bit errors and inform the micro- 35 station of the present invention, there are four distinct 

processor controller 130 accordingly. The SACCH is occasions when the mobile station is required to scan 

deinterleaved over 22 bxirsts by 22*burst deinterleaver the control channels. The first occasion is during the 

117 before error detection is carried out in channel initialization procedure when the dedicated control 

decoder 118. channels are scanned. The second occasion is during the 

Messages transmitted from the base station to the 60 initialization procedure and in the idle mode when the 

mobile station typically include alerting orders, requests paging channels are being scanned. The third occasion 

to perform channel quality measurements, release call, is during the system access mode when the access chan- 

and hand-off orders. Messages transmitted in the oppo* nels are scanned. Finally, the paging channels are also 

site direction are those initiated by the mobile station scanned after a call termination, 

user, e.g., the release order. The last order implies that 63 It is now assumed that the mobile station during these 

the user is finished with the call, and the mobile station paging occurrences is aware of which radio channel 

will leave the control of the traffic channel and return frequencies should be scanned and that the scanning 

to the initialization mode of operation. procedure as described above is performed. A ranking 
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of the signal strength of each radio channel frequency is In a preferred embodiment described havmg a six- 
made as previously described, and preferably more than slot, radio channel frame using full- or half-rate traffic 
two frequencies should be stored in the ranking list. The channels and full-rate control channels, mne unique 
next processing step will be to synchronize the mobUe Sync Words are required if every time slot can be used 
Station to one of the stored frequencies. However, in 5 cither as a traffic channel or a control channel. How- 
this example, a problem arises in that the control chan- ever, if only four out of six time slots can be used as two 
nels searched for are mixed with the traffic channels as full rate control channels and all six time slots can be 
illustrated in FIG. 5. FIG, 5 illustrates a standardized used cither as fbll-rate or half-rate traffic channels, only 
frame which comprises both control channels and traf- eight unique Sync Words are required. In a half-rate 
fic channels. In this example, time slots 1 and 4 arc 10 traffic channel, including two radio channel frames, 
utilized as control channeU and time slots 2, 3. 5 and 6 each having six time slots, twelve unique Sync Words 
are utilized as traffic channels. »r« required if every time slot is to be used cither as a 

A conventional approach to this problem of distin- full-rate or half-rate traffic or control channel. 
. guishing which slot is a control channel and which slot When the radio channel frame includes only four 
is a traffic channel, is programming the microprocessor 15 time slots and every time slot can be used as either a 
controUcr 130 to detect this distinction. Unfortunately, full-rate or a half-rate traffic or control channel, then 
this approach requires significant signal processing of eight unique Sync Words are required. In a situation 
the received signal including channel decoding and where the radio channel frame comprises only four time 
CRC calculations before a conuol channel may be dis- slots and only two out of four time slote can be used 
tinguishcd from a traffic channel. In addition, if the daU 20 either as full-rate or half-rate ttaffic or control channels, 
transmitted is ciphered, channel distinction would fur- then only six unique Sync Words are required. In a 
ther be delayed by the deciphering required of the re- similar fashion, when the radio channel frame mcludcs 
ceived signal. * only three time slots and every time slot can be used 

The present invention offers alternative solutions to either for a full-rate, separate traffic channel or a full- 
this problem. In a first preferred embodiment, the time 25 rate, separate control channel, then six umque Sync 
slot being used as a control channel may be detected Words are required. When the radio channel frame 
faster if these time slots are marked with uniquely de- includes more than six time slots, e.g., eight slots, more 
fined Sync Words generated by the Sync Word genera- than twelve unique Sync Words may be required de- 
tor 109' of the base station. In this situation, the equal- pending on the number of slots per channel and the 
izer 114 of the mobUe station recognizes the uniquely 30 numberof time slots that may be used as either traffic or 
defmcd Sync Words and identifies those particular time control channels. Thus, for example, sixteen unique 
slots as control channek. thus distinguishing the time Sync Words may be required, 
slots which are not being used as traffic channels. This The set of unique Sync Words performs dual func 
operation allows for those channels which are not con- tions of synchronization and channel idenUfication. In 
trol channels to be eUminated rapidly so that the process 35 general, every Sync Word should ^ve ^^^rrela- 
of ranking the strongest control channel signals may be tion properties, meaning that each Sync Word should 
executed at a much faster rate, hzve a low correlation with other Sync Words regard- 

FIGS, €A and 6B illustrate examples of the imple- less of whether they are in-phasc or out-of-phase with 
mentation of the unique Sync Words (ESW) which each other. Moreover, each Sync Word should also 
defme the time slot as a control channel. As the Sync 40 exhibit low correlation with itself when out of phase. 
Words associated with the six time slots in the frame Thus. Sync Words need to be detenmned within the 
according to the standard IS.54 are referred to as Sync context of a set of Sync Words. Because longer Sync 
Words 1. 2, 3, 4, 5, 6. it is proposed that the unique Words provide better correlation properties, the larger 
control channel Sync Words be referred to as Sync the number of unique Sync Words required, the longer 
Words 7, 8. and 9 for purposes of explanation. Gener- 45 the Sync Words must be to meet the necessary correla- 
ally. unique Sync Word 7 will relate solely to time slots tion requirements. Unfortunately, longer Sync Words 
1 and 4, Sync Word 8 relates solely to time slots 2 and require more space in a burst and reduce space for traf- 
5, and Sync Word 9 relates solely to time slots 3 and 6. fic information, like speech or data. Thus, the dctenni- 
FIG. 6A illustrates one frame which comprises one nation of a set of Sync Words is often a compromise 
conUol channel and two uaffic channels. Time slots 1 50 between correlation properties and length, 
and 4 are utilized as conUol channels, and therefore While there are various methods for correlating Sync 
have associated therewith the unique Sync Word 7. Words, one method for correlating binary Sync Words 
Time slots 2, 3. 5 and 6 are being used as traffic chan- is as foUows. If each binary Sync Word includes n dig- 
nels, and therefore have associated therewith the con- its, there are 2« possible Sync Word combinations. A 
ventional Sync Words 2 and 3. HG. 68 iUustrates one 55 total of m Sync Words having good correlation proper- 
frame which comprises two control channels and one tics may then be chosen from the 2" possible Sync 
uaffic channel. Time slots 1, 2. 4 and 5 are used as two Words. A computer may be programmed to test all 
separate control channels and have associated therewith possible Sync Word combinations provided that n is 
unique Sync Words 7 and 8. respectively. Time slots 3 relatively small when compared to the number of arith- 
and 6 are being utilized as a traffic channel, and there- 60 metic operations the computer can perform per unit 
fore have associated therewith the conventional Sync time. Such testing is accomplished efficiently by first 
^Qj(j 3 excluding Sync Words that have a high correlation 

The number of unique Sync Words required to imple- with themselves when out of phase before correlations 
ment the present invention varies depending on the of different words are tested. 

number of time slots of the radio channel frame and the 65 Of course, another method for determining a set of 
maximum number of time slots available for use as sepa- Sync Words is to use Sync Words already known and 
rate traffic channels or as separate control channels. disclosed in the prior an literature. For example, if six 
The following examples demonstrate this point. or less 28-bit unique Sync Words are required, the Sync 
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Words disclosed in the TIA IS*54 standard on U.S. 
cellular systems may be used. If eight or less 26'bit Sync 
Words are required, the Sync Words of the pan* 
European digital cellular system, abbreviated GSM, 
may be used. 3 

For a given set of known Sync Words, various adap- 
tations can be made to that set For example, when a 
large number of Sync words are required and long Sync 
Words are acceptable, but only a sxhall group of shorter 
Sync Words are available, the large number of Sync 10 
Words may be obtained by uniquely combining the 
shorter Sync Words. From P sdiorter unique Sync 
Words, a mflTimiim number of P (P+ 1)/2 unique Sync 
Words may be Obtained which are twice as long as the 
short Sync Words. Thus, from the short Sync Words A. 15 
B, C and D, long Sync Words AA, AB, AC, AD, BB, 
BC, BD, CC, CD, and DD may be obtained. 

It may be desirable or necessary in some situations 
not to include additional Sync Words to designate those 
time slots which are control channels. Another pre- 20 
f erred embodiment of the present invention offers an 
efTective approach to resolve such a necessity as well as 
the problems with the conventional approach described 
above. A time slot being used as a control channel may 
be detected simply and quickly if those control channel 25 
time slots are identified with an imencrypted uniquely 
defined control channel identification word or words 
(CCIW), as Ulustrated in FIGS. 4D and 4a The 
SACCH and CDVCC fields of the control channels 
include a control channel identification word (CCIW). 30 
The SACCH and the CDVCC are not required on the 
control channel and their associated fields are used in 
this embodiment of the present invention to identify a 
time slot as a control channel. Although not illustrated, 
any number of the control related bits, including the 35 
SACCH and/or CDVCC bits, may be used for the 
purpose of identifying time slots being used as control 
channels as opposed to a traffic channel. One advantage 
of this embodiment is that control fields are never en- 
crypted so that any de-encryption is unnecessary. An- 40 
other advantage is that no additional Sync Words need 
be defmed. 

As an example, a control channel identification word 
may be generated using simply the 12 bits of the 
CDVCC field. Out of the total number of possible 45 
CDVCC codes which may be generated in the 
CDVCC field, one or more of those codes is reserved 
for use as control channel identification word(s). Of 
course, for purposes of implementing the present inven- 
tion, oi 

slot as. a control channel. However, if more than one 
CCIW is used, the number of different control channel 
identification words should not be too great, otherwise 
the number of CDVCC codes will be too restricted. To 
avoid bit patterns that are typically generated by the 55 
SACCH and/or CDVCC codes and to achieve low 
correlation between thie CCIW*s and the SACCITs 
and/or CDVCC's, only two different CCIW's arc gen- 
crated from the 24 bits of the SACCH and the CDVCC 
Accordingly, the 24 bit control channel identification 60 
word (CCIW) is used to indicate that a time slot is a 
control channel. The 24 bit Sync Word is used only as 
a synchronization pattern to indicate the specific time 
slot number (time slot 1 to time slot 6). 

If two or more different 24 bit control channel identi- 65 
fication words are designated, each CCIW not only 
indicates that a channel is a control channel but also 
transmits information from the mobile to the base sta- 



tion or vice versa. In other words, for example, a first 
and second CCIW may differ. This difference is equiva- 
lent to one bit of information which may be used to 
communicate any number of useful messages between 
the mobUe and base, e.g.; when using several control 
channels including access, authentication, and ciphering 
functions requiring more than one time slot The two 
patterns of 24 bits each must be chosen to have good 
correlation properties, meaning that each CCIW should 
have a low correlation with the other CCIW regardless 
of whether they are in-phase or out-of-phase with each 
other. Moreover, each CCIW should also exhibit low 
correlation with itself when out of phase. 

The control channel identification word or words are 
generated by the Sync Word generator 109'of the base 
station in the downlink direction from base to mobile 
station in order to allow the mobile station to quickly 
scan the control channels. As described earlier, the 
CCIW's allow for those channels which are not control 
channels to be eliminated rapidly to increase the speed 
of selecting the strongest control channel signals. More- 
over, no additional Sync Words are required to identify 
which time slots are control channels, 

FIGS. 6C and 6D illustrate examples of the imple- 
mentation of the control channel identification words 
which define a time slot as a control channel. As the 
Sync Words associated with the six time slots in the 
frame according to the standard IS-54 are generally 
referred to as Sync Words 1, 2, 3, 4. 5, 6, for purposes of 
describing FIGS. 6C and 6D in a manner similar to the 
description of FIGS. 6A and 6B, the unique control 
channel indicators on the control channels are referred 
to as extended Sync Words (ESW) XI, X2. and X3. 
Specifically, the extended Sync Words (ESW) include 
not only the standard Sync Words 1-^ but also the 
control channel identification words in the SACCH and 
CDVCC fields. 

FIG. 6C illustrates one frame which includes one 
control channel and two traffic channels. Time slots 1 
and 4 are utilized as control channels, and therefore 
have associated therewith the unique extended Sync 
Word (ESW) XI, Time sloU 2, 3, 5 and 6 are used as 
traffic channels and therefore have associated therewith 
Sync Words 2 and 3. FIG. 6D illustrates one frame 
which comprises two control channels and one traffic 
channel. Time slots 1, 2, 4 and 5 are used as two separate 
control channels and have associated therewith unique 
extended Sync Words (ESW) XI and X2, respectively. 



►illy one CCIW is necessary to designate a time 50 Time slots 3 and 6 are utilized as a traffic channel, and 

therefore have associated therewith the conventional 
Sync Word 3. 

Accordingly, the present invention presents a method 
and system which allows for a more flexible use of the 
existing radio channels and the introduction of new 
control channels for control signalling. The method and 
system involve the use of control channels of an associ- 
ated base station which dtrectiy correspond to certain 
time slots of a radio channel frame, which also com- 
prises time slots being utilized for traffic channels. The 
time slots to be used as control channels are marked 
with a uniquely defined control channel Midicator either 
in the form of a unique Sync Word or a unique control 
channel identification word. A mobile station is able to 
recognize the uniquely defmed control channel indica- 
tor and identify the particular time slots as control chan- 
nels, thus, distinguishing the time slots which are not 
being used as control channels. 
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While a particular embodiment of the present inven* 
tion has been descnbed and illustrated* it should be 
understood that the invention is not limited thereto 
since modifications may be made by persons skilled in 
the art. The present application contemplates any and 5 
aU modifications that fi^ ^yithtn the spirit and scope of 
the underlying invention disclosed and claimed herein. 

What is claimed is: 

1. A system for utilizing certain time slots of a radio 
channel frame as communication channels, each time 10 
slot capable of being used for transmitting message 
signals between a mobile station and a base station in a 
cellular telephone network, said system comprising: 

message signal generating means for generating mes- 
sage signals to be transmitted in said time slots of 15 
said frame as a series of binary bits; 

synchronization word generating means for generat- 
ing time slot synchronization words which are 
associated with each of said timjc slots, each time 
slot including channel indication information for 20 
indicating whether a time slot is a first type of 
channel or a second type of channel; 

frame producing means for producing a frame, which 
includes a plurality of said time slots, by allotting to 
each of said time slote a message signal and an 25 
associated synchronization word; 

transmitting means for transmitting said frame; 

receiving means for receiving said transmitted frame; 

detecting means for detecting said channel indication 
information; and 30 

determining means determining whether each of said 
time slots is to be utilized as a traffic channel or a 
control channel in response to detection of either 
said first type of channel or said second type of 
channel. 35 

2. A system according to claim 1. wherein said first 
type of chaimel is a voice/data traffic chaimel 

3. A system according to claim 1, wherein said sec- 
ond type of channel is a control channel. 

4. A system according to claim 1, wherein said chan- 40 
nel indication information includes at least one unique 
synchronization word for designating that said associ- 
ated time slot is to be used as a control channel. 

5. A system according to claim 1. wherein said chan-. 
nel indication information includes at least one control 45 
channel identification word defmed by at least some of 
said binary bits other than voice/data bits. 

6. A method for utilizing certain time slots of a frame 
as communication channels, each time slot being used 
for transmitting message signals between a mobile sta- 50 
tion and a base station in a cellular telephone network, 
said method comprising the steps of: 

generating message signals to be transmitted in said 
time slots of said frame; 

generating synchronization words which are associ- 55 
ated with each of said time slots, each time slot 
having associated therewith channel indication 
information for indicating whether a time slot is a 
first type of channel or a second type of channel; 

producing a frame, which includes a plurality of said 60 
time slots, by allotting to each of said time slots a 
message signal and an associated synchronization 
word; 

transmitting said frame from one of said base and 
mobile stations; 65 

receiving said frame at the other of said base and 
mobile station; 

detecting said channel indication information; and 
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determining whether each of said time slots should be 
utilized as a traffic channel or a control channel in 
response to said detecting step. 

7. A method for designating time slots of a frame, 
which includes time slots being utilized for traffic chan- 
nels and control channels, said frames utilized for trans- 
mitting message signals between a base station and a 
mobile station in a cellular telephone system, compris- 
ing the steps of: 

generating at least one unique control channel identi- 
fication word for designating at least one time slot 
as a control channel; 
producing a frame having at least one time slot with 
an associated control channel identification word 
combined therewith; 
detecting said at least one time slot with said associ- 
ated control channel identification word; and 
utilizing said detected at least one time slot with said 
associated control channel identification word as a 
control channel. 

8. The method according to claim 7, wherein said at 
least one control channel identification word is gener- 
ated using preestablished control fields within each of 
said time slots. 

9. The method according to claim 8, wherein said 
generating step generates two unique control channel 
identification words that both designate an associated 
time slot as a control channel and that individually 
convey additional message information. 

10. A system for utilizing a plurality of time slots of a 
radio channel frame as communication channels, each 
time slot capable of being used for transmitting message 
signals between a mobile radio station and a base station 
in a cellular telephone network, said system comprising: 

message signal generating means for generating mes- 
sage signals to be transmitted in said time slots of 
said frame; 

synchronization word generating means for generat- 
ing a plurality of synchronization words of a first 
type which are uniquely associated with a plurality 
of said time slots and for generating a plurality of 
synchronization words of a second type which are 
uniquely associated with at least one of said time 
slots; 

frame producing means for producing said radio 
channel frame by allotting to a plurality of said 
time slots in said frame a first type of message sig- 
nal and an associated synchronization word of said 
first type and by allotting to at least one of said time 
slots a second type of message signal and an associ- 
ated synchronization of said second type; 
transmitting means for transmitting said frame; 
receiving means for receiving said transmitted frame; 
detecting means for detecting the type of synchroni- 
zation word associated with each of said time slots; 
and 

determining means for determining whether each of 
said time slots is to be utilized as a traffic channel or 
a control channel in response to a detection of a 
synchronization word either of said first type or 
said second type, said synchronization word of said 
fust type of message signals designating a time slot 
as a channel transmitting said first type of message 
signal and said synchronization word of said sec- 
ond type designating a time slot as a channel trans- 
mitting said second type of message signal. 
11. A system according to claim 10, wherdn said 
channel transmitting said first type of message signal is 
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a voice/data traffic channel and said channel transnut- 
ting said second type of message signal is a control 
channel. 

12. A system according to claim 10, wherein said 
frame includes six time slots to which are allotted three 
communication channels for transmitting said message 
signals. 

13. A system according to claim 12, wherein each of 
said six time slots of said frame may be associated with 
said synchronization words of said first type and four of 
said six time slots of said frame may be associated also 
with said synchronization word of said second type. 

14. A system according to claim 13, wherein each of 



10 



18. The method of claim 17. wherein each synchroni- 
latioii word in said set exhibits low correlation with 
itself when out-of-phase. 

19. The method of claim 16, wherein each frame 
contains six time slots and said set of synchronization 
words contains at least eight synchronization words, 
with six of said synchronization words being of said first 
type and two of said synchronization words being of 
said second type, so that at least two of the time slots in 
a frame can be alternately used for the transmission of 
voice information or control information. 

20. A system for utilizing a plurality of time slots of a 
radio channel frame as communication channels, each 
time slot capable of being used for transmitting message 



said four time slots may be designated as either a control 15 ugtuls between a mobile radio station and a base station 
channel or a voice/data channel depending on the type jq a cellular telephone network, said system comprising: 



25 



30 



of synchronization word detected by said detecting 
means and the remaining two time^lots may be desig- 
nated only as voice/daU channels. 

15. A system according to claim 14, wherein said 20 
synchronization words of said first type include six 
unique synchronization words and said synchronization 
words of said second type include two unique synchro- 
nization words for a total of eight unique synchroniza- 
tion words associated with said frame. 

16. In a digital cellular radio telephone system of the 
type in which information is communicated between 
base stations of the system and mobile telephone units in 

. frames, with each frame being divided into a plurality of 
time slots that correspond to respective digitol commu- 
nication channels, a method for enabling said digital 
conMnunication channels to be alternatively and selec- 
tively used as traffic channels for the communication of 
voice and data information or control channels for the 35 
communication of control information, comprising the 
steps of: 

establishing a set of synchronization words, each 
synchronization word being associated with one of 
the time slots in a frame, with the total number of 40 
synchronization words in said set being greater 
than the number of time slots in a frame, so that at 
least one time slot has two synchronization words 
associated therewith; 

dividing said set of synchronization words into words 45 
of a first type and words of a second type, with 
each of the synchronization words of said first type 
being uniquely associated with a respective one of 
the time slots in a frame, and the synchronization 
words of said second type being uniquely associ- 
ated with respective ones of the time slots in a 
frame; 

transmitting segments of information in respective 
time slots of a frame; and 

transmitting one of said synchronization words with 
each segment of information, said one synchroniza- 
tion word being associated with the time slot in 
which the segment of information is transmitted 



message signal generating means for generating mes- 
sage signals to be transmitted in said time slots of 
said frame; 

word generating means for generating a plurality of 
time slot synchronization words which are 
uniquely associated with a plurality of said time 
slots and for generating at least one control channel 
identification word which is uniquely associated 
with at least one of said time dots, wherein one of 
said time slot synchronization words and said at 
least one control channel identification word are 
combined to generate an extended synchronization 
word; 

frame producing means for producing said radio 
channel frame by alloning to a plurality of said 
time slots in said frame a first type of message sig- 
nal and an associated time slot synchronization 
word and by allotting to at least one of said time 
slots a second type of message signal and an associ- 
ated extended synchronization word; 
transmitting means for transmitting said frame; 
receiving means for receiving said transmitted frame; 
detecting means for detecting the synchronization 
word associated with each of said time slots; and 
determining means for determining whether each of 
said time slots is to be utilized as a traffic channel or 
a control chaxmel in response to said detection 
means, wherein detection of said time slot synchro- 
nization word determines that a time slot is a traffic 
channel and detection of said extended synchroni- 
zation word determines that a time slot is a control 
channel. 

21. A system according to claim 20, wherein said 
50 frame includes six time slots to which are allotted three 

communication channels for transmitting said message 
signals. 

22. A system according to claim 21, wherein each of 
said six time slots of said frame may be associated with 

55 said time slot synchronization words and four of said six 
time slots of said frame may be associated also with said 
extended synchronization words. 

23. A system according to claim 20, wherein said 



control channel identification word includes some por- 
and being of said first type when the segment of 50 tion of the control information transmitted tn said mes- 
information is voice or data information and being signals, 
of said second type when the segment of informa- 24. A system according to claim 20, wherein said 
tion is control information. word generating means generates two control channel 

17. The method of claim 16, wherein the synchroniza- identification words each of which designate an associ- 
tion words in said set have low correlation with each 65 atcd time slot as a control channel and which convey 
other regardless of whether they are in-phase or out-of- different control information, 
phase with each other. ♦ • • • • 
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